The effect of chemical disinfection of the Heidbrink expiratory valve in buffered glutaraldehyde (Cidex solution) was investigated. Cidex caused stickiness and increased the opening pressure and resistance of the valve to different gas flow rates. An electrolytic type of corrosion may also have occurred. However, autoclaving of the Heidbrink valve did not appear to cause corrosion or significant alteration of its opening pressure or resistance.
The use and efficiency of buffered glutaraldehyde (Cidex) as a chemical disinfectant for anaesthetic equipment have been described by Haselhuhn, Broson and Borick (1967) , Meeks, Pembleton and Hench (1967) and Stark (1972) . Residual air, wetness and the need for rinsing and packaging after disinfection are among the disadvantages of chemical disinfection described by Lumley (1976) . Apart from absorption by rubber and plastics (Varpela, Otterstrom and Hackman, 1971) , Cidex was reported to be noncorrosive to metals and harmless to anaesthetic equipment. It was observed in our hospital that, despite the Heidbrink valves (Mushin and Mapleson, 1954) being adjusted to the fully open position, many of them were sticking and hissing loudly. As the • valves were routinely disinfected in Cidex solution, this investigation was undertaken to determine if this method of disinfection was responsible for the above problem. Changes in the opening pressure and the resistance of each valve to different gas flow rates (expressed as the pressure decreases across the valve) were also measured.
METHOD
Sixteen valves were investigated. Six of these were 2-3 years old and were routinely disinfected in Cidex solution (group I). The other 10 valves were new (group II). These were equally divided into two groups. Following their use during anaesthesia, the new valves of each group were washed thoroughly in water then sterilized either by autoclaving (group III) or by immersion in Cidex solution (group IV). The valves in group IV were further rinsed in water following sterilization in Cidex. A technique similar to that described by Mushin and Mapleson (1954) was used to measure the opening pressure and resistance of the old valves (group I) to different gas flow rates employing a calibrated oxygen flowmeter and U-tube water manometer, the valves being in the upright position. Naked eye and microscopic examination of each valve disc and pin were performed. The new valves were investigated similarly both before (group II) and 10 months after their use in clinical practice (groups III and IV). Furthermore, the discs of two valves from group I and IV and one valve in group III were also examined under a Stereoscan electron microscope.
RESULTS
The mean opening pressure and resistance for a given gas flow rate for each group of valves are presented in table I. For a given flow rate the mean resistances of the valves in groups I and IV were approximately twice those in groups II and III. In the clinical range of gas flow rate (30 litre min" 1 ) the mean pressures were 0.78,0.28,0.28 and 0.66 kPa in groups I, II, III and IV respectively. Similarly, the mean opening pressures of the valves in groups I and IV were greater than those in groups II and III. The values were 0.56, 0.08, 0.10 and 0.28 kPa for groups I, II, III and IV respectively.
Naked eye examination
Group I. The changes in the discs and pins of the valves are typified by valve D ( fig. 1 ). Both surfaces of each disc were dull in appearance. The disc and its pin appeared to be diffusely covered by a thin film of foreign substance. A number of irregular black areas 0.5-2 mm in diameter were present on both surfaces of the disc, particularly near its centre. These were obviously caused by corrosion. Group II. The disc and pin surfaces of the valves in this group were smooth, bright in appearance and free from cracks or foreign substances (valve A, fig. 1 ).
Group III. No major differences between the discs and pins of the valves in this group and those in group II were seen (valve B, fig. 1 ).
Group IV. The discs and pins appeared dull and covered by a substance similar to that found on the discs in group I (valve C, fig. 1 ), but no black areas in the discs were seen.
Microscopic and Stereoscan electron microscopic examination
Group I. Several aggregated particles of variable size and shape were seen, scattered diffusely on both surfaces of each disc and its pin. Pitting and cracking of the disc surfaces were found ( fig. 2) .
Groups II and HI. The surfaces of the discs and pins of the valves in both groups appeared irregular but smooth and free from pits, cracks or deposits of foreign substance ( fig. 3) .
Group IV. Particles similar to those found on the discs of the valves in group I were also seen on the discs and pins of the valves in this group. Only a few pits, but no cracks in the disc surfaces were present ( fig. 4 ).
DISCUSSION
In semi-closed systems the resistance to expiration resides in the Heidbrink valves. A high resistance to expiration will eventually lead to an increase in the work of breathing. Nunn (1969) suggested that, at gas flow rate of 30 litre rnin" 1 the pressure decrease across the expiratory valve should not exceed 0.29 kPa. The resistance in all the valves in group I at that flow rate exceeded this value (table I) . Furthermore, the mean resistance of the valves in group IV (after 10 months of clinical use) at the same gas flow rate had doubled and exceeded 0.29 kPa. Only a small change was found in resistance of the valves in group III after a similar period of usage.
When rendered alkaline (activated), glutaraldehyde gradually undergoes polymerization and loses it activity. At pH 7.5-8.5, polymerization is slowed down so that full antimicrobial activity is maintained guide and will result in sticky surfaces. This will lead to stickiness and an increase in the opening pressure and resistance of the valves. It has been suggested by the manufacturers that this might result from improper rinsing of the valves following disinfection in Cidex solution. This might have been the case for the old valves (group I), but not for the valves in group IV, since the valves were rinsed meticulously. Presumably, the increased resistance to expiration does not lead to any clinical ill-effect. However, it is reasonable to suggest that such resistance should be controllable and valves used should have a low resistance which can be varied at will. Glutaraldehyde is non-corrosive, and Cidex solution contains an anti-corrosive agent However, the discs of the valves in group I showed marked corrosion and the discs in group IV showed early signs of corrosion. The components of the Heidbrink valves are made or plated with dissimilar metals which are in contact most of the time. It is reasonable to assume that the repeated and prolonged immersion of the valves in an electrolyte solution such as Cidex may lead to an electrolytic type of corrosion of the discs of the valves. Also, given time, the valves in group IV would be likely to develop a degree of corrosion similar to that in group I. Stark (1972) FIG. 3. Inferior surface of a disc from a valve in group III (S.E.M.). The surface of the disc appears to be intact and no foreign particles can be seen.
for at least 2 weeks. Stereoscan electron microscopic examination of the discs showed that a polymer had formed on the surfaces of the discs and the pins of the valves which were sterilized in Cidex solution (figs 2, 4). The formation of glutaraldehyde polymer on the surfaces of the disc, the pin and possibly its guide will reduce the free movement of the pin through its stated that, where a cold sterilizing agent is chosen, glutaraldehyde "used strictly to the manufacturer's instructions is the agent of choice". Therefore, in order to reduce the risk of corrosion and to ensure total elimination of residual air from the valve for efficient disinfection and rinsing, complete dismantling of each Heidbrink valve is necessary. This would be time-consuming and could damage the components of the valve. In group III stickiness was not a problem and increase in the opening pressure or resistance of the valves was small ( 
SUMAMO
Se averigu6 el efecto de la desinfecci6n qulmica de la valvula expiratoria de Heidbrink en glutaraldehido tampon (solucidn Cidex). El Cidex causo una viscosidad y aument6 la presi6n y resistencia de apertura de la valvula en distintos ritmos de flujo del gas. Tambien, puede haber ocurrido un tipo de corrosi6n electrolitica. Sin embargo, la esterilizaci6n en autoclave de la valvula de Heidbrink no parece haber causado alguna corTOsibn ni una alteracidn significativa de su presidn o resistencia de apertura.
